A real-time PCR assay was developed to diagnose and identify the causative agents of suspected mycobacterial lymphadenitis. Primers and probes for the real-time PCR were designed on the basis of the internal transcribed spacer sequence, enabling the recognition of the genus Mycobacterium and the species Mycobacterium avium and M. tuberculosis. The detection limit for the assay was established at 1,100 CFU/ml of pus, and the specificity tests showed no false-positive reaction with other mycobacterial species and other pathogens causing lymphadenitis. From 67 children with suspected mycobacterial lymphadenitis based on a positive mycobacterial skin test, 102 samples (58 fine-needle aspirates [FNA] and 44 tissue specimens) were obtained. The real-time PCR assay detected a mycobacterial infection in 48 patients (71.6%), whereas auramine staining and culturing were positive for 31 (46.3%) and 28 (41.8%) of the patients. The addition of the real-time PCR assay to conventional diagnostic tests resulted in the recognition of 13 more patients with mycobacterial disease. These results indicate that the real-time PCR is more sensitive than conventional staining and culturing techniques (P = 0.006). The M. avium-specific real-time PCR was positive for 38 patients, and the M. tuberculosis-specific real-time PCR was positive for 1 patient. Analysis of 27 patients from whom FNA and tissue biopsy specimens were collected revealed significantly more positive real-time PCR results for FNA than for tissue biopsy specimens (P = 0.003). Samples from an age-matched control group of 50 patients with PCR-proven cat scratch disease were all found to be negative by the real-time PCR. We conclude that this real-time PCR assay with a sensitivity of 72% for patients with lymphadenitis and a specificity of 100% for the detection of atypical mycobacteria can provide excellent support for clinical decision making in children with lymphadenitis.
Abstract.
A real-time PCR assay was developed to diagnose and identify the causative agents of suspected mycobacterial lymphadenitis. Primers and probes for the real-time PCR were designed on the basis of the internal transcribed spacer sequence, enabling the recognition of the genus Mycobacterium and the species Mycobacterium avium and M. tuberculosis. The detection limit for the assay was established at 1,100 CFU/ml of pus, and the specificity tests showed no false-positive reaction with other mycobacterial species and other pathogens causing lymphadenitis. From 67 children with suspected mycobacterial lymphadenitis based on a positive mycobacterial skin test, 102 samples (58 fine-needle aspirates [FNA] and 44 tissue specimens) were obtained. The real-time PCR assay detected a mycobacterial infection in 48 patients (71.6%), whereas auramine staining and culturing were positive for 31 (46.3%) and 28 (41.8%) of the patients. The addition of the real-time PCR assay to conventional diagnostic tests resulted in the recognition of 13 more patients with mycobacterial disease. These results indicate that the real-time PCR is more sensitive than conventional staining and culturing techniques (P = 0.006). The M. avium-specific real-time PCR was positive for 38 patients, and the M. tuberculosis-specific real-time PCR was positive for 1 patient. Analysis of 27 patients from whom FNA and tissue biopsy specimens were collected revealed significantly more positive real-time PCR results for FNA than for tissue biopsy specimens (P = 0.003). Samples from an age-matched control group of 50 patients with PCR-proven cat scratch disease were all found to be negative by the real-time PCR. We conclude that this real-time PCR assay with a sensitivity of 72% for patients with lymphadenitis and a specificity of 100% for the detection of atypical mycobacteria can provide excellent support for clinical decision making in children with lymphadenitis.
Introduction.
Nontuberculous mycobacterial (NTM) lymphadenitis appears to be an emerging disease in children (6, 13) . The portals of entry are the pharyngeal mucosa, tonsils, conjunctiva, gingiva, salivary glands, and skin (7, 14) . Cervicofacial lymphadenitis, the most frequent head and neck manifestation of NTM infection, often presents as chronic, unilateral lymphadenopathy with characteristic violaceous overlying skin changes. It may be difficult to differentiate NTM lymphadenitis from lymphadenitis caused by other microorganisms, such as staphylococci, streptococci, and Bartonella species. The Mycobacterium avium complex accounts for 80% of NTM lymphadenitis cases, followed by M. scrofulaceum in the United States and M. malmoense in Europe (1, 8) . The exact incidence of NTM lymphadenitis in children in The Netherlands is unknown but is estimated to be 0.4 patients per 100,000 inhabitants annually. Currently, the most commonly used treatment for NTM lymphadenitis is excision of the infected lymph node. Surgery is preferred because of a higher risk of sinus tract formation or recurrence of infection when other conservative therapies are used (1, 14, 20, 21) . A number of recent case reports, however, suggested that effective treatment of NTM lymphadenitis is possible with specific antimycobacterial agents (2, 17, 29) . Since culture results for mycobacteria can take as long as 12 weeks, a rapid diagnostic technique is required to institute appropriate antimycobacterial therapy. Several molecular assays have been developed for the detection or identification of mycobacteria, but most of them are for M. tuberculosis only (5, 11, 19, 27, 31) . The existing molecular methods for the identification of atypical mycobacteria are mainly applied on cultured mycobacteria and lack specificity or sensitivity when used directly on clinical materials (15, 18, 24) . A real-time PCR technique for the detection of mycobacteria is able to detect a specific sequence during amplification and needs no hybridization or further processing time for analysis. It is easy to use and able to attain high sensitivity mainly because of the use of short amplicons. In this study, a real-time PCR assay for the genus Mycobacterium and the mycobacterial species M. avium and M. tuberculosis was developed for direct use on fine-needle aspirates (FNA) and biopsy specimens from patients with suspected mycobacterial lymphadenitis. The target chosen for PCR was the internal transcribed spacer (ITS) sequence between the 16S and the 23S rRNA genes. The ITS contains sufficient sequence variations to differentiate mycobacterial species (23, 24) but is still conserved enough to allow the development of a genus Mycobacterium-specific PCR for the detection of all species possibly involved in lymphadenitis
Material and Methods.
Bacterial strains. The mycobacterial strains used for sensitivity and specificity testing and for optimization of PCR are listed in Table 1 . The strains were either ATCC strains or clinical isolates, identified by 16S RNA sequencing and obtained from the Medical Microbiological Laboratory (Leiden University Medical Center, Leiden, The Netherlands), the Regional Public Health Laboratory (Leeuwarden, The Netherlands; supplied by G. Noordhoek), and the National Institute of Public Health and the Environment (Bilthoven, The Netherlands). All mycobacterial strains were cultured in liquid Dubos medium. Additionally, 36 strains belonging to 28 different species were also used in specificity tests. Some of these species are established pathogens causing lymphadenitis, and others are normal inhabitants of the oropharynx. The species belonged to the genera Streptococcus, Staphylococcus, Bordetella, Haemophilus, Neisseria, Chlamydia, Bartonella, Campylobacter, Legionella, and Corynebacterium and to the family Enterobacteriaceae.
Patients and samples. Samples from affected lymph nodes were obtained from patients included in the CHIMED study. The CHIMED study is a multicenter trial in The Netherlands for studying the optimal treatment of children with NTM cervicofacial lymphadenitis. Surgical excision is compared to an antimicrobial treatment consisting of clarithromycin and rifabutin. To be eligible, patients must have a positive skin test for atypical mycobacteria (29, 30) . Differential skin testing with sensitins for M. avium, M. scrofulaceum, and M. kansasii and purified protein derivative (Statens Seruminstitut, Copenhagen, Denmark) consists of two simultaneous injections each on the middle part of the ventral surface and on the dorsal surface of the right forearm. From September 2001 until November 2003, 67 patients with affected lymph nodes in the neck were included in the study. FNA were taken from affected lymph nodes and transported in saline to the microbiological laboratory at Leiden University Medical Center. The lymph nodes removed from surgically treated patients were also investigated. Clinical samples arrived at the laboratory within 6 h. All samples were kept at 4°C until processing. An agematched control group consisted of 50 patients with affected lymph nodes. Cat scratch disease was diagnosed by Bartonella henselae-specific PCR of samples from these affected lymph nodes at the Department of Medical Microbiology, St. Elisabeth Hospital, Tilburg, The Netherlands (3).
Conventional mycobacterial diagnostic tests. Patient samples were tested for contamination with rapidly growing bacteria by culturing on standard brain heart infusion agar. When contamination was found, the aspirates or biopsy specimens were decontaminated with an NaCl-NaOH decontamination protocol (12) . Auramine staining was performed on directly obtained materials or on decontaminated materials for the detection of acid-fast rods. When auramine-positive rods were detected, Ziehl-Neelsen staining was performed to confirm the presence of acid-fast rods. Culturing was done at 35°C by using Bactec bottles with liquid mycobacteria growth indicator tube (MGIT) (Becton Dickinson Microbiology Systems) medium and on solid Löwenstein-Jensen medium. Positive culture results for acid-fast bacteria were further investigated by using the Inno-Lipa assay (InnoGenetics, Gent, Belgium), a reverse hybridization assay in which the mycobacterial species is identified. When no growth was detected after 12 weeks of incubation, the culture results were listed as negative. Samples were also investigated for the presence of other bacterial pathogens by conventional bacterial culturing and by PCR for B. henselae (3).
Nucleic acid isolation for real-time PCR. Aliquots of the clinical samples used for PCR were first decontaminated with the NaCl-NaOH method. DNA from cultured strains was extracted without decontamination. Each patient sample was divided into three aliquots. One aliquot was spiked with 2.5 x 10 4 CFU of M.
bovis and used as a control for DNA extraction and PCR inhibition. The other two aliquots were tested as duplicates of the patient sample. Extraction of DNA for the real-time PCR was performed as described by Boom et al. (4) . Briefly, 90 l of decontaminated material or bacterial culture was extracted, and the DNA was eluted in 100 l of Tris-EDTA (0.1 M; pH 8.0). The extracted DNA was stored at -20°C until used in the PCR. Primers and probes.
Primers were selected based on alignments of the ITS region with sequences from the National Center for Biotechnology Information (NCBI) database (http://www.ncbi.nlm.nih.gov) and the Ridom GmbH database (http://www.ridom.com) and sequences derived from clinical isolates. Sequence alignments were made to investigate the interspecies variations and the intraspecies variations. The alignments included all three subspecies of M. avium and five sequevars of M. avium (A, B, C, D, and E). From these alignments, conserved regions were used to select primers specific for the genus Mycobacterium. The forward primer was selected from the ITS region; the reverse primer was selected from the 23S rRNA gene (Fig.  1) . Another small conserved sequence in the ITS region was used for the Taqman probe specific for the genus Mycobacterium. The larger part of the ITS region contains a high degree of variation; probes specific for M. avium (molecular beacon) and M. tuberculosis (Taqman probe) were designed from this part (Fig. 1B) . The choice of a molecular beacon or a Taqman probe was based on the overall stability of the secondary structures in the probe sequence.
The PCR primer and probe sequences were selected by using the Primer3 program (http://www-genome.wi.mit.edu/cgi-bin/primer/primer3_www.cgi) (25) and were checked with Oligo-Analyzer 3.0 (http://biotools.idtdna.com/analyzer), an online service of IDT Biotools (Coralville, Iowa), to ensure minimal self-complementarity and to prevent the presence of secondary structures. The molecular beacon for M. avium was designed by using the Mfold program (http://biotools.idtdna.com/mfold) (IDT Biotools). Additional criteria for a good probe included a melting temperature at least 7°C above the melting temperatures of the primers and a relatively short amplicon, with a maximum of 200 nucleotides. The stem sequence of the molecular beacon was selected to have a melting temperature compatible with that of the beacon. The beacon formed a stable structure at the proposed annealing temperature of 55°C, with no secondary structures (26) . An NCBI BLAST search was performed to check the specificity of the DNA sequences of the primers and probes. Primers were synthesized at Eurogentec (Seraing, Belgium), and probes were synthesized at Biolegio (Malden, The Netherlands). Selected primers and probes are shown in Table 2 . CFU/ml, were added to water and pooled pus samples. The influence of decontamination on the sensitivity of the assay was investigated by comparing decontamination before spiking with decontamination after spiking.
Real-time PCR. The real-time PCR was performed with a 50-l reaction mixture consisting of 25 l of 2x IQ Supermix (Bio-Rad, Veenendaal, The Netherlands), 3.0 mM MgCl 2 , 20 pmol of each primer, 10 pmol of probe, and 10 l of template. The PCR thermal profile consisted of an initial incubation for 3 min at 95°C, followed by 50 cycles of 30 s at 95°C, 40 s at 55°C, and 30 s at 72°C (the annealing temperature for the M. tuberculosis-specific PCR was 52°C instead of 55°C). Amplification, detection, and data analysis were performed with an iCycler IQ real-time detection system (Bio-Rad). The same reaction mixture and the same PCR profile were used for all three probes.
Each DNA extract was tested undiluted and diluted 10-fold by the real-time PCR for detection of the genus Mycobacterium and the species M. avium. For the M. avium-specific PCR, M. avium DNA was used as a positive control instead of M. bovis DNA.
Statistical analysis. All statistical calculations were performed with SPSS 10.0.7. The Wilcoxon signed rank test was used for a comparison of FNA and tissue biopsy specimens from patients from whom both materials were collected. For other calculations, a chi-square test was used.
Results.
Test characteristics in vitro. Quantified dilutions of M. avium and M. bovis were tested in water and pooled pus samples. All three real-time PCRs reached a sensitivity of 2.7 CFU when spiked in water and a sensitivity of 27 CFU when spiked in pus, establishing a detection limit for the assay of 1,100 CFU/ml of pus. The sensitivity of the assay was not influenced by the decontamination protocol. The specificity was assessed with DNA from 11 mycobacterial species (Table 1) (Table 3 ). The remaining nine PCR-positive patients were found to be positive only by the genus-specific real-time PCR. The real-time PCR assay was more sensitive for the detection of atypical mycobacteria in patients with lymphadenitis than were staining and culturing (P value determined by the chi-square test, 0.006). When all tests were combined, the diagnosis of mycobacterial infection could be verified for 55 (82.1%) of 67 patients. The mycobacterial species was not identified for 12 of these 55 patients, because the samples were found to be positive only by the genus Mycobacterium-specific PCR (n = 8) or only by auramine staining (n = 2) or because the cultured species could not be identified by the reverse line blot assay (n = 2). Samples from the age-matched control group of 50 patients were all found to be negative by the real-time PCR.
The results indicated higher recovery from FNA than from tissue specimens from lymph nodes obtained during surgical excision or biopsy (Table 4 ). For 27 patients from whom FNA and tissue biopsy specimens were collected, specific real-time PCRs for the genus Mycobacterium and the species M. avium both yielded significantly more positive results for FNA than for tissue biopsy specimens (P values determined by the Wilcoxon test, 0.001 and 0.0011, respectively). Tissue biopsy specimens never were found to be positive by the realtime PCR when FNA were found to be negative. Although acid-fast staining and culture results were also more frequently positive for FNA than for surgically removed tissue (no statistical significance), tissue biopsy specimens yielded three more positive results when only conventional diagnostic tests were applied for patients from whom both materials were obtained (Table 4) . Compared to a positive mycobacterial skin test as an indication of the presence of a mycobacterial infection, the sensitivity, specificity, positive predictive value, and negative predictive value of the real-time PCR assay for patients with lymphadenitis were 71.6, 100, 100, and 72.5%, respectively. The application of the real-time PCR assay to all collected samples revealed 66.7% sensitivity, 100% specificity, 100% positive predictive value, and 59.5% negative predictive value. In total, the PCR assay detected a mycobacterial infection in 13 more patients than when only conventional diagnostic tests were performed. Table 4 . Results of diagnostic tests of materials from 27 patients from whom both FNA and tissue biopsy specimens were collected. 
Discussion.
In the past few years, real-time PCR assays have been implemented in clinical microbiological laboratories. A few assays for the detection of mycobacteria have been described (15, 19) . However, assays for mycobacterial species other than M. tuberculosis have not been successfully applied to clinical patient material and are mainly restricted to the identification of cultured isolates. In this study, we developed a real-time PCR to identify the causative agents of mycobacterial lymphadenitis. Primers for the real-time PCR were designed to amplify an amplicon in the ITS between the 16S and the 23S rRNA genes of mycobacteria, enabling the annealing of a genus-, M. avium-, or M. tuberculosis-specific probe. The detection limit of the assay was established at 1,100 CFU/ml of pus, and the assay was shown to be specific. For patients with suspected NTM lymphadenitis, the realtime PCR was significantly more sensitive than conventional staining and culturing. All samples were also tested for the presence of inhibition of the assay by spiking portions of the samples and by diluting the samples 10 times. We did not encounter any inhibition, but the risk of inhibition will remain, considering the nature of the clinical materials (26) . Among 67 patients with suspected NTM lymphadenitis, successful identification of the pathogen was achieved for 55 of the patients by acid-fast staining, culturing, or real-time PCR. For 48 patients, it was possible to identify the pathogen within 2 days by the real-time PCR, whereas culturing of the remaining mycobacteria took 4 to 8 weeks. M. avium was identified in 39 patients, i.e., 71% of all confirmed mycobacterial infections in this study. This result corresponds to those of earlier studies where the M. avium complex was found to be the most common species in atypical mycobacterial lymphadenitis (8, 14, 22) . Our results also indicate that FNA have a higher recovery rate than tissue samples for diagnostic testing by the real-time PCR. The high recovery rate for FNA in the PCR diminishes the need for invasive methods for diagnosis of the involved pathogen, but a higher recovery rate for tissue biopsy specimens was expected. The genus-specific PCR performed less well with tissue biopsy specimens. The M. avium-specific PCR also performed better with FNA but was positive for six tissue samples for which the genus-specific PCR remained negative. An NCBI BLAST search of the probe sequences in the human sequence database showed a higher homology of the genus-specific probe than of the M. avium-specific probe with human chromosomal sequences. As a result, less genus-specific probe will be available, Traditionally, culturing has been regarded as the most appropriate "gold standard." A definite diagnosis of mycobacterial lymphadenitis is made by recovery of the bacterium from lymph node material, but some causative pathogens may require a long incubation period (e.g., M. malmoense) or special culture conditions (M. haemophilum) (28). Skin tests may prove beneficial for the evaluation of mycobacterial lymphadenitis (29, 30) . All children included in this study were investigated by one of the authors (J.A.L.), who also performed a skin test. Only children with a clinical syndrome suspected of being mycobacterial lymphadenitis and a positive skin test were further investigated. Since no other pathogens besides mycobacteria were detected in this study, a positive skin test can be considered indicative of mycobacterial infection. The skin test that we used is a well-standardized preparation from M. avium, M. scrofulaceum, and M. kansasii. Intradermal skin testing for the diagnosis of NTM lymphadenitis has been reported to have a sensitivity of 87%, but the specificity has not been well investigated (20) . For instance, studies of asymptomatic healthy children in Sweden and Denmark with the same skin test that we used demonstrated that 6 to 32% had positive reactions (9, 16) . NTM are common environmental isolates present in soil and water, and extensive cross-reactivity may exist among these mycobacteria. Therefore, a species-specific skin test is difficult to interpret, and more information on the incidence of a positive skin test in Mycobacterial culturing is not optimal. When DNA was isolated from 12 negative MGIT cultures of M. avium-specific real-time PCR-positive samples, 5 samples gave a weak positive signal in the PCR. This result indicates that mycobacteria were present in the MGIT cultures. In two MGIT cultures, contamination with other bacteria was apparent and could have caused this growth inhibition, but in the remaining three MGIT cultures, no growth was detected at all. For these cultures, it is possible that the bacteria were dead or the conditions were not optimal. In summary, the 71.6% sensitivity and the 100% specificity of the real-time PCR assay for the detection of atypical mycobacteria in patients with lymphadenitis suggest that the real-time PCR is an important diagnostic test and is more sensitive than conventional acid-fast staining techniques and mycobacterial culturing. The development of a rapid diagnostic test for the identification of mycobacteria as the cause of lymphadenitis is important, since an increasing number of reports suggest that rapid initiation of drug therapy may be of benefit and may be able to replace surgical excision of the involved lymph node (2, 10, 17). 
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